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SYSTEMS ABALYSI.

COMPOHENT DATA FOR CFDIS

The enclosed data represeanted the test estimmte of the performsrnce of the
hardwvare components bteing used in the CFIIS system et the time cf the Pretes:
Predictions calculations mesde in March 17€5. there possitle, the sctus. component
harduare test acceptance data wvere used. The dats are 20t necessarily repre-
sentative of the components being delivered for the NRX/EST or the X-Engines azd
should not be extra:slated to other systems. The dats were used zy systems snalysis
in the current studies 57 the CFDI'S system only and vill be upgruded as zew irnfor=s-
tion is ottained.

i.2 INTROUCTION AND SCHEMATIC

A schematic of the CFITS system 1s shown in Figure :. Each ¢of the majcr
components s descrited analytically ty the Systems Anglysis and Contrcl Divisicn.
The component performance data are presented in the €following sections:
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TANK-TO-PUNP LINE

Pigure 2 {5 a schomtic of the CPULS (ine from the propel.gnt ank o the
Ti=p. The design pressure drops Tor the various comperents were used u define
~n overall (oss coefTlclent for the entire line ty the fTollowing cquation:
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s overs.l 1233 coefilelent for line a 1.8
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Pig:rc * jresenty the line pressure drop az s function of flow rate for
various line designs. The present CPIRS line corresponds tc that with the

™eliclie ™Y milve.

Teresces: Soivae Dmts Drawing Tl TCLBl
BT Memcrandur Tl M2ILC, dateld - Maren [ &¢



2,0 TURBOPUME AND TUREIKE

The operating maps descricting the Mark III Moéd -~ rnump performance are
presented in Pigures . through 10. In Pigure .. are the pump efficiency data
supplied to systems analysis, while Figure 12 presents these data ss extrepolated
snd used {n the CFDIS snalyses. GSince the test data were availstle only for
©.1 SQT S0C.€, extrapolation was required for rump =fficlencies at Q'N values
outside of thi:z range. The rump efficliency data Iir Figure 12 were employed in
conjunction with ke pump opersiing maps tc define the pump perform.:Te over

the entire range o prarameters.

Pigire 1 defines the turtine efficiency over all ranges, the deta teing
evzlusted 2t %otal-toe-static turtine conditions. Since the 12713 program requires
the turtine efficiency eveaiunted at totsl-to-total turtine conditions, the follow-

{ng conversion was smployed:

'!‘ R ~e
. *x
fit i} It -t ° .
7T TS (ka1 )(E®, - 1°)
x
I
whers: . = turtine efficiency for total-to-total turtine
™ conditions
ne = turtine efficlency for total-to-static turtine
*oTS condf{tions
¥ - specific nheat matic
Tx' tote {sentropic turtine exit tempersture, °R
r*, = iotal turtine inlet enthalpy, Btu/l
&
h‘x :  total turtine exit enthalpy, Btu'lbm
R = Universsl Gas Jonstant

ané the sutseript "I7 refers to fsentropic conditions.



« I

The turbine flow function, < = 0.4TT
t
vhere: W, = turbine inlet flow, 1b/sec
T, = turbine inlet temperature, °R
Pt = turbine inlet pressure, psia

The moment of inertial of the shaft was taken as 487.77 1n2 lbm. (feference:

vertal from P. Soo).



k.00 PUMP DISCHARGE LINE

The pump discharge line is described in FMigure 1lk.

Figure 14
PUMP DISCHARGE LINE
22
e :
Psov. = -
CHECK VALVE  ~
L.
CONVENTIONAL 178.79
SWING :
L/D = 135
(r.
4.76" ID
16 - ¢

Because the check valve has an opening pressure of 1.7 psia, a constant . ,

pressure loss of 1.7 psi was assumed. For the rest of the line, a loss coefficient
of 2.83 was used.

References: REON Memor-nda TLT1:M2110 and Thll:5103M



5.0 NOZZLE

The coolant flow ares profile of the S/K-23 nozzle is shown in Figure 15.

Other pertinent nozzle data used to define the CFDIS nozzle model are:

Cold Side Hot Side
Inches from Exit  Jacket Thickness, in  Inches from Exit Ares, in°
] 1.0 0 598.0
2.5 0.625 10.5 356.3
31.5 0.82¢ 21.0 178.0
k9.0 0.875 31.5 (throat) 5.8
52.0 2.00 32.0 59.85
53.7 2.00 3.5 62.2
5:.9 0.50 23.5 73.14
2.9 0.k0 ko.o 180.0
L6.4 368.0
52.9 2198.0
62.7 2198.0

The U-tube thickness was constant at 0.0l4 inches.

Reference: FEON Memorandum 7hS56:M2523



6.0 REFLECTOR, SHIELD, SUPPORT PLATE AND CORE

- Shield
Reflector Pass 1 Pass 2
Total ¥low hrea, in° 85.0 81.62 68.4
Total Wetted Perimeter, in  1432.0 757.5 Sk7.0
Total Length, in 53.5 11.85 14.0
Void PFraction 0.094 0.0817 0.0638

Reference: WANL TME-483

Support
Plate

280.8

3006.0
5.06
0.31

Core

231.0
9531.0
23.5
0.20k



7.0 HOT BLEED SYSTEM

T.2 Diluent Bleed Line

Figure 16 presents the CFDPS diluent bleed linc description.
Figure 16

CFDTS DILUENT LINE
46.75 HOLE

-39 36

- 20.64

[ PN .
N DILUENT _' A

. $02176

This line was calculated tc have a loss coefficient of 10.71.
Diluent valve is considered wide cpen with the cv of 200 being included in the

loss coefficlent.

T.2 Hot Bleed Port and Jacketed Line

The dimensions used to define the CFDIS hot bleed port ard jJacketed
line appear in Figure 17. Figure 18 presents the loss coefficients used for
each segment of this component. For the bleed port the experimental loss
coefficient from the flange to the upstream side of the injection holes was
found to e 36.8, The loss coefficients are indicated on Pigure 18.



There are 630 injection holes, 0.100 inch ID. The hot side of the
Jacket line is 120 inches long, 3.87 inch ID. The friction factor is 0.00k.
The mixing orifice in the hot tleed port has a loss coefficient, as defined ty
Bquation (1), of 2.025.

Reference: REON Memorandum T4LT1:M2110
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3¢ 3.13 was used.

TURBINE IELET LINE AND TPCV

The turbine inlet line for CFUTS appears in Figure 13,

Figure 19
TURBIKE IHLET LIXE
12 3
16 .- :: = 11

\ o

' TPCV
59 .

3.87°10. A =11.756°m2
L .
VENTURI

For the line up to the TPCV a loss coelficient, defined oy Equation (1),

A similar los: coefficient of C.043 for the line from the

TPCV to the turtine wvas used.

The loss coefficient for the TPCV as a function of the gate position

~rrears in Figure 2(.

Reference:

REON Memorandum 7T.71:M211¢

[
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9.0 ROLL WOZZLES

Each CFDIS roli nortle has 3 throst diameter of 1,057, giving a tctal

throat flow ares of i3S inz.

Reference: ROOE Memorandus TES1:S1C
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FIGURE 17
HOT BLEED SYSTEM
CFDTS CIMENSIONS

a NOTE: TOTAL LENGTH OF
; JACKETED LINE IS 120
INCHES.

W e
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FIGURE 18
HOT BLEED SYSTEM

CFDTS LOSS COEFFICIENTS

NOTE: TOTAL LENGTH OF
JACKETED LINE IS 120
INCHES. LOSS COEFFICIENTS
ARE FOR EACH SEGMENT OF

i
N
- ! ' 12 INCHES.
|
|




